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CHAPTER 1 
LITERATURE REVIEW 
Introduction 
During the years 1975 to 1979, estimated annual losses 
due to weeds in corn were $1.7 billion nationally (Chandler 
et. al., 1984). This represents a loss of approximately 
0.75 billion bushels of grain. Losses in the northeast 
region of the U.S. were estimated at $86 million or 34 
million bushels of grain annually during this same time 
period by Chandler et. al. (1984). Competition between weed 
and crop plants, therefore, has become an active area of 
agronomic research. 
Nature of weed-crop competition 
i. Competition between weeds and crops 
In plant communities where weed and crop plants 
coexist, the more efficient and aggressive species 
dominates. In the case of weed species found in corn [ Zea 
mays (L.)] one result of this coexistence is a decreased 
silage and grain yield (Chandler et. al., 1984; Friesen and 
Shebeski, 1960; Knake and Slife, 1969). Other losses 
include decreased grain protein content (Friesen and 
Shebeski, 1960) and increased harvest costs (Nieto, 1970). 
In terms of total crop losses and control costs, losses from 
1 
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weeds far exceed those from insect pests and disease 
(Patterson, 1982; USDA, 1965). Losses due to weeds take 
many forms and prove costly to farmers. Although control of 
certain weed species can also be costly, this expense is 
often recovered in the form of enhanced crop yield. 
ii. Research involving corn-weed competition 
Current research in herbicide technology attempts to 
control all weed species growing on agricultural land. 
However, many of the widely used herbicides selectively 
control problem weeds, giving other less densely populated 
species a competitive advantage. Thus, weed species shifts 
on croplands can occur concomitantly with shifts in 
herbicide programs. This has been the case with croplands 
planted in field corn. The use of 2,4-D (2,4- 
dichlorophenoxy acetic acid) was effective in the 
elimination of some broadleaved weed species from corn 
fields, and ushered in the modern era of chemical weed 
control. In place of these broadleaf species, foxtails 
(Setaria spp.) and other grass species became prevalent 
(Knake and Slife,1969; Thompson,1972; Thompson et. al., 
1971) . 
When atrazine [6-chloro-N-ethyl-N'-(1-methylethyl)- 
1,3,5-triazine-2,4-diamine] was introduced in the late 
1950's, it was recognized both for its increased water 
solubility and improved efficacy from previously used 
3 
triazines such as simazine. Atrazine soon came into 
widespread use in areas under corn production. 
Although atrazine was effective on some invasive grass 
species, it appeared weak in the control of fall panicum 
( P a n i.c urn d icho tomi f._lor urn Michx.) ( Selleck , 1 98 0 ) and 
crabgrass species such as large crabgrass [Digitaria 
sanguinalis (L.) Scop.] (Thompson, 1972). Triplett et al. 
(1972) have found that fall panicum was the major annual 
grass species where triazine herbicides were used. Thompson 
et. al. (1971) believe this is a direct result of the 
ability of fall panicum to metabolize rapidly atrazine to 
peptide conjugates. Currently these two grasses are problem 
weeds in field corn grown in Massachusetts as well as 
throughout the northeast. 
Annual grass species have been found to present a 
severe competitive problem in areas where field corn is 
grown (Bhowmik and Currie, 1983? Knake and Slife, 1969; 
Nieto, 1970). Perhaps the greatest single loss caused by 
weeds is attributed to reduced crop yields. Yield 
reductions resulting from these competitive interactions can 
be seen in densities as low as one weed per 1.22 linear 
meters of crop row for fall panicum (Selleck, 1980). 
Therefore, one can imagine the potential for severe corn 
yield reduction which exists in fields exhibiting more 
densely populated annual grasses and where competition for 
nitrogen is seen (Nieto and Staniforth, 1961). 
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Reports of severe yield reduction by weeds has led to 
the use of the competition study, an experiment where the 
growth of two or more species is monitored, as a tool to 
measure weed competition in agricultural areas. Both field 
studies (Buchanan, 1969; Remison, 1971; Snyder, 1974) and 
greenhouse studies (Campbell and Hartwig, 1982 ; Dekker et. 
al., 1983; Hoveland and Buchanan, 1972) have been employed 
to elucidate further the competitive pressure found in 
specific weed-crop associations. 
iii. Effect of cultural practices on crop growth 
The greater a weed species' potential to compete for 
water, light, and nutrients, the greater its ability to 
restrict crop growth. Field studies which deal with 
competition have shown that weeds often reduce both crop 
vigor and yield (Crane and Ilnicki, 1981; Moomaw and Martin, 
1984; Oliver et. al., 1976). Experimental variables such as 
weed density (Bhowmik and Currie, 1983; Bhowmik and McGlew, 
1984; Zimdahl, 1980), duration of weed competition 
(Knake and Slife, 1969; Oliver et. al., 1976), crop planting 
date (Bhowmik and Currie, 1983; Bhowmik and McGlew, 1984; 
Crane and Ilnicki, 1981), crop density (Nieto and 
Staniforth, 1961, Duncan, 1984) and row spacing (Bhowmik and 
Currie, 1983; Bryant and Blaser, 1968; Schmidt and Colville, 
1967) are among those used to evaluate the competitive 
ability of crops with specific weed species. Variations in 
5 
cultural practices are recommended, based on results from 
these studies, and utilized to improve crop growth. 
Weed density, or the number of competing weeds, is a 
major factor in the extent of crop losses due to weeds. 
There is a threshold level of weed competition below which 
no effect on yield is apparent. Such thresholds vary, 
depending on the crop, weed species, and environmental 
conditions involved. It is widely known that increasing 
weed numbers increase crop losses. The interesting aspect 
of weed density appears to be how the presence of a few 
weeds, especially those that tiller as profusely as some 
grass species, may influence yield. For instance, 
Weatherspoon and Schweizer (1971) found that one kochia 
[Kochia scoparia (L.) Schrad.] plant per 61 linear 
centimeters of row reduced the sucrose content of sugarbeet 
(Beta vulgaris L.) significantly. Oliver et. al. (1976) 
found similar results in the reduction of soybean [Glycine 
max (L.) Merr.] yield by ivyleaf morningglory [Ipomoea 
hederacea (L.) Jacq.]. In his work with corn, Knake (1969) 
has found that 1,3,6, or 12 giant foxtail plants per 0.30 m 
of row reduced corn yields 8,9,12, and 15 percent below 
weed-free corn yield. 
Crop planting date is a useful tool in analyzing weed- 
crop interactions, since environmental conditions favoring 
the germination of certain weed species often occur at 
specific times of the year. The extent and time of weed 
6 
seed germination as well as the crop response to the 
germinating weed varies with location. Crane and Ilnicki 
(1981) have found that corn silage yields were decreased 
with later planting dates in conventional tillage systems in 
New Jersey. Bhowmik and Currie (1983) and Bhowmik and 
McGlew (1984), however, found that earlier planting time 
increased corn silage yield and decreased fall panicum yield 
in Massachusetts. 
The duration of weed competition is yet another factor 
which can be altered in weed competition experiments. This 
s 
factor facilitates the determination of the critical period 
of weed competition on a specific crop. The critical period 
is the amount of time a crop will tolerate weed competition 
without exhibiting yield loss. Knake (1969) found that 
foxtail removed at the height of 7.6, 15.2, 22.8, or 30.5cm 
or left for the full season depressed corn yield 25.4, 50.8, 
127.1, 178.0, and 457.6kg/ha, respectively. Bhowmik and 
Currie (1983) found that six weeks after planting 
constituted the critical period for corn competition with 
annual grass weeds. 
iv. Growth Analysis 
Results of competition studies are often analyzed in 
terms of the amount of biomass and assimilatory surface 
accumulated by the associated species over time. Therefore, 
many researchers (Bhowmik and Doll, 1983; Cordes and Bauman, 
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1984; Snyder, 1974) use a growth analysis approach such as 
that proposed by Kvet et. al. (1971). Plant material is 
collected by destructive sampling during the growing season 
and changes in dry matter (DM) and leaf area are measured. 
The growth parameters which are calculated from this 
information can be fitted to a regression curve, enabling 
the determination of growth rates at any point during the 
growing season. 
Radford (1967) cautioned that growth analysis 
procedures be approached carefully, and stressed that 
changes in leaf area and dry weight with time should be the 
primary considerations. Currently it is believed that, when 
properly applied, these formulae are of great value in the 
quantitative analysis of plant growth. Through the use of 
growth parameters such as relative growth rate (RGR) and net 
assimilation rate (NAR) (Herbert and Litchfield, 1984) as 
well as leaf area index (LAI) (Eik and Hanway, 1966) 
researchers are able to draw conclusions about physiological 
aspects of plant growth. 
CHAPTER II 
EFFECT OF PLANTING TIME AND ANNUAL GRASS DENSITY ON 
CORN AND ANNUAL GRASS COMPETITION. 
Abstract 
Growth analysis techniques were employed to examine the 
effect of crop planting time and annual grass species 
density on corn (Zea mays L.) growth and yield. 
Delay in corn planting resulted in decreased silage and 
grain yields in 198 4 and 1985 . Such an effect can be 
attributed to lower initial corn relative growth rate (RGR) 
and relative leaf area growth rate (RLAGR) in weedy plots, 
as well as a less successful suppression of weed biomass 
production and weed net assimilation rate (NAR) by corn 
planted later. 
Increased weed density significantly decreased corn 
silage and grain yield during both 1984 and 1985. Yield 
reduction can be attributed to significant decreases in corn 
RGR, RLAGR, and biomass increment, and slight decreases in 
corn NAR with increasing weed density. Significant 
increases in corn leaf area ratio (LAR) with increasing weed 
density were also observed in 1984. 
During 1985, annual grass species exhibited elevated 
NAR and RGR values as weed density decreased. Additionally, 
differences in RGR and NAR among weed densities became more 
8 
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distinct with later corn planting. Presence of a corn 
canopy above annual grassy weeds elevated initial weed NAR 
and RGR, but decreased initial weed biomass. As corn canopy 
increased, NAR, RGR, and biomass accumulation of weeds 
growing beneath the corn decreased. Such decreases were 
less distinct with later corn planting. 
Seasonal differences between 1984 and 1985 corn yields 
can be attributed to a cold, wet spring in 1984 during which 
above average rainfall was observed. 
Introduction 
Competition between weed and crop plants is an area of 
active research. Although the advent of chemical weed 
control has solved many weed problems on croplands, it has 
also created new ones. Weed species shifts which occur on 
croplands as a result of specific herbicide programs neces¬ 
sitate that these chemicals be tested in many locations to 
take differing climates and soil types into consideration 
(Patterson, 1982). Local results may be pooled and 
incorporated into a regional model, to help farmers better 
understand which herbicide programs best suit their needs. 
Of the many weed species found on agricultural lands in 
Massachusetts, the annual weeds present the greatest threat 
to crop yield. The survival strategy of these species 
serves to populate the land with the largest possible number 
of individual plants per unit area. The annual grasses, 
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which tiller profusely, can be responsible for yield loss in 
field corn (Bhowmik and Currie, 1983; Bhowmik and McGlew, 
1984; Chandler et. al., 1984; Crane and Ilnicki, 1981). In 
order to understand the relationships which exist in the 
establishment of corn and annual grass competition, an ex¬ 
periment examining their interaction in several annual grass 
densities and with several planting dates was undertaken. 
Growth analysis techniques are often used to quantify 
plant growth and clarify its physiological implications. 
Such techniques are often used in studies of plant 
competition. Many researchers (Bhowmik and Doll, 1983; 
Cordes and Bauman, 1984; Snyder, 1974) use an approach to 
growth analysis similar to that proposed by Kvet et. al. 
(1971). In this approach, plant material is collected by 
destructive sampling and monitored for changes in dry matter 
and leaf area. 
Materials and Methods 
The experiment was conducted during 1984 and 1985 at 
the Massachusetts Agricultural Experiment Station in South 
Deerfield, on a Hadley fine sandy loam (Mesic, Typic, 
Udifluvents). The soil was at a pH of 6.1 and contained 4.9% 
organic matter. Nitrogen, phosphorus and potassium were 
applied at rates of 188 , 99 , and 148 kg/ha, respectively. 
Lime was applied at 2250 kg/ha. Primary weed species 
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present were fall panicum [Panicum dichotomiflorum Michx.] 
and large crabgrass [Digitaria sanguinalis (L.) Scop.]. 
Subplots measured 3 by 7.5 m and were arranged in a 
split- plot design with planting date as the whole plot and 
weed density as the sub-plot replicated four times. Corn 
was planted into a freshly disced seedbed using conventional 
tillage at a density of 62,500/ha in 91 cm row spacings. 
Dates of planting were May 10, 17, and 24 in 1984 and May 2, 
9, and 16 in 1985. Sub-plots were further divided into 
areas with and without corn present. Weed densities were 
established with a preemergence application of alachlor [2- 
chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)acetamide]. 
Rates of 1.12, 0.56, 0.28, and 0.00 kgai/ha, established 
zero, low, medium, and high weed densities, respectively. 
Zero density plots were maintained weed-free throughout the 
growing season by hand removal of weeds with minimal soil 
disturbance. Grasses present in low, medium, and high 
density plots were allowed to tiller freely throughout the 
growing season. 
Sampling was done at three week intervals. Corn was 
sampled by cutting five plants from one of the center rows 
of the plot. The plants were measured for height, then cut 
and separated into stem, leaf, and ear tissue. Leaf area 
was determined using a Li-Cor (LI3100) photometer. Stem, 
ear, and leaf tissues were dried in a forced air oven at 90C 
for 48 h. 
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Leaf, stem, and ear weight and leaf area values 
obtained were used in the calculation of growth analysis 
parameters according to Kvet et.al,. (1971) as shown below: 
1. Relative Growth Rate (RGR) 
(In W2 - In Wl)/(t2 - tl) 
RGR is the amount of dry matter produced by a plant per unit 
of dry matter already present in the plant per unit of time. 
It is expressed as (g/g/day). 
2. Relative Leaf Area Growth Rate (RLAGR) 
(In A2 - In Al)/(t2 - tl) 
RLAGR is the leaf area produced per unit of leaf area 
present per unit of time. It is expressed as (dm2/dm2/day). 
3. Leaf Area Ratio (LAR) 
LAR = LA/W 
LAR is equal to the leaf area present .per unit of total 
plant dry weight. It is expressed as (dm'vg). 
4. Biomass Increment W) 
A W = (W2 - Wl) 
Biomass increment is the dry matter produced per unit of 
time. It is expressed as (g days). 
5. Net Assimilation Rate (NAR) 
NAR - [1/(t2 - tl)] [(W2/A2) - (Wl/Al)] [a/(a - 1)] 
Where a = RLAGR/(RLAGR-1). 
Net assimilation rate is equal to the amount of dry matter 
produced per unit of leaf area present per unit of time. It 
is expressed as (g/dm2/day). 
Annual grass weeds were also sampled every three weeks 
in areas with and without corn present. Above ground 
biomass was recorded by clipping a 400 cm^ area. Number and 
average height of tillers, leaf area, and dry weight were 
recorded at each harvest time. Growth analysis was 
performed using this information. 
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Corn grain and silage yields were taken on September 
29 , 1984 and September 27 , 1985. At this time, 2.1 linear 
meters of row were harvested from the center of each plot. 
Total plot weight for stalks and ears was recorded in the 
field and subsampled for moisture. Silage and grain yields 
were determined by adjusting moisture to 70 and 15.5 
percent, respectively. 
Results 
1984 Corn Growth Analysis 
Analyses of variance from growth analysis parameters 
measured during 1984 are found in Appendices 2.1 to 2.5. 
These data are averages through the season-long series of 
sampling intervals from 21 to 105 days after planting (DAP). 
During 1984, there were significant differences in corn 
relative growth rate (RGR) over all time intervals for 
planting date and highly significant differences among 
densities (Appendix table 2.1). Upon closer inspection of 
each growth analysis interval, it was shown that differences 
in the planting date effects were highly significant from 
the first (21 to 42 DAP) through the third (63 to 84 DAP) 
growth intervals (Table 2.1). During the first interval, the 
earliest (May 10) planting date exhibited lowest RGR values. 
In successive harvest intervals, however, the May 10 
planting exhibited highest RGR values. Increasing weed 
densities showed significantly decreased RGR values during 
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Table 2.1: Effect of planting date and weed density on corn 
relative growth rate during 1984 
_Relative growth rate_ 
Days after planting  
Planting Weed 
date density 21-42 42-63 63-84 84-105 
(g/g/day) 
May 10 zero 0.117 0.130 0.085 0.027 
low 0.119 0.122 0.080 0.044 
medium 0.112 0.125 0.080 0.029 
high 0.112 0.113 0.083 0.047 
May 17 zero 0.153 0.118 0.069 0.018 
low 0.155 0.121 0.051 0.030 
medium 0.149 0.109 0.057 0.037 
high 0.154 0.111 0.052 0.012 
May 24 zero 0.169 0.103 0.072 0.018 
low 0.158 0.102 0.054 0.023 
medium 0.163 0.096 0.064 0.017 
high 0.148 0.094 0.064 0.004 
15 
the second (42 to 63 DAP) sampling interval. Since the 
factor of time (weeks) in the source column is so 
overwhelmingly significant, the significant WP interaction 
has little import (Appendix table 2.1). The fact that 
density effects were highly significant can be attributed 
mainly to growth during the second sampling interval. 
Regression analysis for RGR is shown in Figures 2.1 to 
2.3. Increasing weed density decreased initial corn RGR in 
all three planting dates. In the first planting date, RGR 
values of the high and medium weed density treatments 
surpassed those of the other weed densities by 55 DAP 
(Figure 2.1). In the May 17 planting date, the medium 
density RGR values surpassed all other densities by 60 DAP 
(Figure 2.2). The RGR values in the May 24 planting date, 
once established, remained consistent in slope (Figure 2.3). 
Thus, increasing weed density was shown to decrease corn RGR 
throughout the entire season. 
Highly significant decreases in relative leaf area 
growth rate (RLAGR) were seen, with increasing weed density 
and early planting, over all time intervals up to 84 DAP 
(Appendix table 2.2). Density effects of corn RLAGR were 
not significant when all time intervals were pooled 
together, but showed significant decreases with increasing 
weed density in the 1st sampling interval (table 2.2). 
Effects of sampling time intervals were highly significant, 
indicating large changes in RLAGR throughout the growing 
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Figure 2.1 Relative growth rate of Agway 584S corn planted 
May 10, 1984. The variation (R2) accounted- for in the 
fitted lines to total dry matter from which RGR values were 
derived ranged from 97.0% to 99.7%. 
17 
TIME AFTER PLANTING (days) 
Figure 2.2. Relative growth rate of Agway 584S corn planted 
May 17, 1984. The variation (R2) accounted for in the 
fitted lines to total dry matter from which RGR values were 
derived ranged from 97.0% to 99.7%. 
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TIME AFTER PLANTING (days) 
Figure 2.3. Relative growth rate of Agway 584S corn planted 
May 24, 1984. The variation (R^) accounted for in the 
fitted lines to total dry matter from which RGR values were 
derived ranged from 97.0% to 99.7%. 
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Table 2.2: Effect of planting date and weed density on corn 
relative leaf area growth rate during 1984 
Relative leaf area growth rate 
Days after planting 
Planting 
date 
Weed 
density 21-42 42-63 63-84 
(dm^ /dm^/day) 
May 10 zero 0.128 0.106 0.029 
low 0.131 0.098 0.031 
medium 0.126 0.099 0.032 
high 0.121 0.091 0.036 
May 17 zero 0.167 0.083 0.008 
low 0.164 0.087 -.004 
medium 0.162 0.080 0.002 
high 0.156 0.083 0.002 
May 24 zero 0.162 0.064 0.005 
low 0.150 0.062 0.002 
medium 0.153 0.060 0.005 
high 0.135 0.062 0.011 
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season. Again, significant interactions involving sampling 
interval (weeks) are not important. No interactions were 
significant for RLAGR during 1984. 
Highly significant differences were seen in leaf area 
ratio (LAR) values among both planting date and density 
effects (Appendix table 2.3). No interaction between 
planting date and density is shown, however. When the four 
harvest intervals are separated, planting date shows 
significance at the 0.01 level for all intervals and density 
for all but the second interval (Table 2.3). The first 
planting date (May 10) exhibited elevated LAR values 
throughout the growing season. High weed density plots 
showed higher LAR values than zero density plots. 
Biomass increment (/_hW) did not show significant 
differences between planting dates when all harvest 
intervals were combined (Appendix table 2.4). Significant 
decreases in biomass increment with increasing weed density 
were observed. This contributed to a notable interaction 
between weed density and planting date, which indicates that 
the same response to weed density and planting time was not 
observed throughout the entire season. Again, highly 
significant differences were observed when all sampling 
times were combined. When time intervals were separated, a 
delay in planting date produced significantly greater 
biomass for the first 3 sampling intervals (Table 2.4) while 
increasing weed density significantly reduced corn biomass 
21 
Table 2.3: Effect of planting date and weed density on corn 
leaf area ratio during 1984 
_Leaf area ratio_ 
_Days after planting 
Planting Weed 
date density 21-42 42-63 63-84 
(dm2/g) 
May 10 zero 2.850 3.584 2.144 
low 2.954 3.774 2.266 
medium 2.892 3.873 2.223 
high 3.183 3.752 2.391 
May 17 zero 2.387 3.222 1.582 
low 2.556 3.058 1.504 
medium 2.475 3.189 1.772 
high 2.929 3.074 1.730 
May 24 zero 3.406 2.938 1.298 
low 3.847 3.226 1.411 
medium 3.779 3.033 1.424 
high 4.004 3.053 1.557 
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Table 2.4: Effect of planting date and weed density on corn 
biomass increment during 1984 
_Biomass increment_ 
Days after planting  
Planting Weed 
date density 21-42 42-63 63-84 84-105 
(g days) 
May 10 
May 17 
May 24 
zero 0.6 10.4 54.3 47.9 
low 0.6 8.0 37.5 77.3 
medium 0.6 8.2 39.0 40.6 
high 0.5 5.8 29.6 67.3 
zero 2.1 23.8 86.9 51.2 
low 2.1 25.4 50.8 68.0 
medium 1.9 18.1 43.1 77.7 
high 1.7 16.3 36.5 14.6 
zero 3.6 28.6 112.8 66.0 
low 2.5 19.6 46.9 49.9 
medium 2.9 18.9 71.0 31.0 
high 1.9 12.3 43.1 2.8 
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increment throughout the growing season. A significant 
interaction between planting date and density was observed 
during the second sampling interval. 
Net assimilation rate (NAR) values were not 
significantly different among either planting dates or 
densities when all time intervals were considered together 
(Appendix table 2.5). When individual intervals were 
examined, however, differences emerged at the 0.05 level 
with planting date in intervals 2 and 3 and with density in 
interval 1 (Table 2.5). The NAR decreased with increasing 
weed density. Significant decreases were observed during 
intervals 2 and 3. The earliest planting date (May 10) 
showed lower NAR values than either of the later plantings. 
This was a significant decreased during the first growth 
interval. 
1985 Corn Growth Analysis 
Analyses of variance for growth analysis parameters 
observed during 1985 are presented in Appendices 2.6 to 
2.10. These analyses of variance also include all sampling 
intervals. 
During 1985, RGR values were found to decrease 
significantly with later planting and increasing weed 
densities (Appendix table 2.6 and Table 2.6). No 
significant planting date and density interaction was seen. 
At 42 to 63 DAP, differences for both planting dates and 
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Table 2.5: Effect of planting date and weed density on corn 
net assimilation rate during 1984 
Net assimilation rate 
_Days after planting_ 
Planting Weed 
date density 21-42 42-63 63-84 
(g/dm2/day) 
May 10 zero 0.037 0.048 0.075 
low 0.036 0.042 0.062 
medium 0.034 0.043 0.063 
high 0.033 0.038 0.060 
May 17 zero 0.055 0.053 0.091 
low 0.056 0.058 0.064 
medium 0.053 0.469 0.060 
high 0.051 0.049 0.054 
May 24 zero 0.054 0.055 0.124 
low 0.045 0.049 0.070 
medium 0.048 0.047 0.094 
high 0.043 0.044 0.076 
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Table 2.6: Effect of planting date and weed density on corn 
relative growth rate during 1985 
Relative growth rate 
_Days after planting_ 
Planting Weed 
date density 21-42 42-63 63-84 84-105 
(g/g/day) 
May 2 zero 0.139 0.122 0.061 0.015 
low 0.153 0.108 0.045 0.017 
medium 0.150 0.101 0.050 0.010 
high 0.143 0.097 0.056 0.008 
May 9 zero 0.132 0.106 0.049 0.014 
low 0.133 0.962 0.058 -.001 
medium 0.120 0.101 0.043 0.012 
high 0.124 0.074 0.059 0.010 
May 16 zero 0.137 0.121 0.034 0.012 
low 0.124 0.125 0.038 0.010 
medium 0.129 0.102 0.033 0.018 
high 0.113 0.105 0.024 0.009 
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densities were significant, while only planting date showed 
such differences at 63 to 84 DAP (table 2.6). 
Regression analysis for corn RGR is shown in Figures 
2.4 to 2.6. In the first planting date, the highest weed 
density exhibited lower RGR values throughout the entire 
season while the other three weed densities showed very 
similar RGRs (Figure 2.4). The corn RGR values from the May 
9 planting date decreased with increasing weed density 
(Figure 2.5). Season-long similarities were seen between 
RGR values of zero and low weed density plots, but medium 
and high weed density plots showed reduced RGR values until 
75 DAP. The May 16 planting date illustrated broad 
differences in initial corn RGR which remained distinct 
throughout the growing season (Figure 2.6) as corn RGR 
decreased with increasing weed density. 
When combining harvest intervals for the entire 1985 
season, RLAGR exhibited significant differences among 
planting dates and between densities (Appendix table 2.7). 
When RLAGR was examined for each harvest interval, planting 
dates were significantly different in the third and fourth 
growth intervals (Table 2.7). Significant differences among 
weed densities were observed during the second growth 
interval, when increasing weed density decreased RLAGR 
dramatically. A significant interaction between planting 
date and density effects also occurred during the second 
sampling interval. 
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TIME AFTER PLANTING (days) 
Figure 2.4. Relative growth rate of Agway 584S corn planted 
May 2, 1985. The variation (R^) accounted for in the fitted 
lines to total dry matter from which RGR values were derived 
ranged from 94.6% to 99.0%. 
28 
TIME AFTER PLANTING (days) 
Figure 2.5. Relative growth rate of Agway 584S corn planted 
May 9, 1985. The variation (R^) accounted for in the fitted 
lines to total dry matter from which RGR values were derived 
ranged from 94.6% to 99.0%. 
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TIME AFTER PLANTING (days) 
Figure 2.6. Relative growth rate of Agway 584S corn planted 
May 1 6, 1985. The variation (R ^) accounted for in the 
fitted lines to total dry matter from which RGR values were 
derived ranged from 94.61 to 99.0%. 
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Table 2.7: Effect of planting date and weed density on corn 
relative leaf area growth rate during 1985 
Relative leaf area growth rate 
_Days after planting_ 
Planting Weed 
date density 21-42 42-63 63-84 84-105 
(dm^/dm^/day) 
May 2 zero 0.108 
low 0.124 
medium 0.113 
high 0.119 
May 9 zero 0.114 
low 0.116 
medium 0.100 
high 0.105 
May 16 zero 0.115 
low 0.105 
medium 0.111 
high 0.106 
0.086 0.013 -.003 
0.069 0.006 -.005 
0.063 0.014 -.008 
0.062 0.017 -.007 
0.067 0.006 -.005 
0.060 0.011 -.013 
0.066 0.004 -.010 
0.044 0.018 -.010 
0.072 0.001 -.002 
0.077 0.002 -.004 
0.056 0.001 0.002 
0.071 -.015 -.006 
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Significant differences in LAR among planting dates 
were observed in 1985 (Appendix table 2.8). This 
significance occurred during the first, second and fourth 
growth intervals (Table 2.8) when LAR decreased slightly 
with later planting. Density effects showed highly 
significant decreases in corn LAR with increasing weed 
density only during the 4th interval. A significant 
interaction of planting date and density effects occurred 
during the first sampling interval. 
Biomass increment showed highly significant differences 
among densities during 1985 (Appendix table 2.9). These 
differences were seen during the second and third growth 
intervals (Table 2.9), when both increasing weed density and 
early planting decreased corn biomass increment. Although 
delayed planting produced significant increases in corn 
biomass increment during the first and second growth 
intervals, no season-long differences emerged. 
Net assimilation rate (NAR) exhibited highly 
significant differences among weed densities during 1985 
(Appendix table 2.10). These differences appear to 
originate during the second harvest interval when 
highly significant decreases in corn NAR were observed with 
increasing weed density (Table 2.10). Planting date 
showed decreases in NAR with delayed planting during the 
second and third intervals, but no season-long effect was 
detected. 
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Table 2.8 
leaf area 
: Effect of planting 
ratio during 1985 
date and weed density on corn 
Leaf area ratio 
Days after planting 
Planting Weed 
date density 21-42 42-63 63-84 84-105 
(dm2/g) 
May 2 zero 4.895 2.497 1.186 0.435 
low 5.264 2.508 1.129 0.487 
medium 6.394 2.731 1.246 0.574 
high 4.272 2.594 1.234 0.542 
May 9 zero 3.472 2.409 1.072 0.436 
low 3.426 2.396 1.123 0.426 
medium 3.474 2.310 1.098 0.492 
high 3.480 2.311 1.240 0.539 
May 16 zero 3.531 2.223 0.789 0.387 
low 3.528 2.388 0.872 0.405 
medium 3.545 2.444 0.922 0.469 
high 2.996 2.252 1.249 0.488 
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Table 2.9: Effect of planting date and weed density on corn 
biomass increment during 1985 
Biomass increment 
Days after planting 
Planting 
date 
Weed 
density 21-42 42-63 63-84 84-105 
(g days) 
May 2 zero 3.020 35.710 98.7 52.5 
low 3.915 35.030 63.0 45.5 
medium 2.980 22.425 54.4 11.4 
high 2.895 20.110 20.1 52.9 
May 9 zero 5.055 43.932 90.0 47.9 
low 5.180 36.027 98.3 -.7 
medium 4.170 33.848 55.6 31.2 
high 4.528 58.100 18.9 0.2 
May 16 zero 5.255 66.042 75.0 43.5 
low 3.910 54.190 73.9 32.1 
medium 4.335 35.245 42.4 36.2 
high 4.255 40.225 28.2 18.3 
34 
Table 2.10: Effect of planting date and weed density on 
corn net assimilation rate during 1985 
Net assimilation rate 
Days after planting 
Planting 
date 
Weed 
density 21-42 42-63 63-84 84-105 
(q/dm2 /day) 
May 2 zero 0.041 0.073 0.088 0.043 
low 0.045 0.066 0.064 0.045 
medium 0.038 0.057 0.062 0.020 
high 0.044 0.056 0.071 0.019 
May 9 zero 0.046 0.068 0.075 0.041 
low 0.047 0.060 0.087 -.002 
medium 0.042 0.065 0.060 0.034 
high 0.044 0.044 0.077 0.025 
May 16 zero 0.049 0.096 0.064 0.038 
low 0.043 0.091 0.067 0.030 
medium 0.044 0.071 0.052 0.046 
high 0.046 0.072 0.034 0.025 
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1985 Weed Growth Analysis 
Relative growth rate of weeds during 1985 is shown by 
regression analysis in Figures 2.7 to 2.9. Initial RGR 
values were higher for weeds with corn present in the first 
two planting dates (May 2 and May 9). These lines, however, 
had steeper slopes than RGRs of weeds without corn and 
crossed at 60, 30, and 50 DAP for low, medium, and high weed 
densities, respectively (Figure 2.7) in the first planting 
date. The May 9 planting date showed similar results, with 
lines crossing at 45, 30, and 55 DAP (Figure 2.8). The May 
16 planting date showed similar results for the medium 
density only, which crossed at 45 DAP. Low and high 
densities exhibited lower RGRs beneath the corn canopy from 
the time of the first harvest (Figure 2.9). 
Regression analysis of weed NAR values is shown in 
Figures 2.10 to 2.12. In general, NAR decreased as weed 
density increased regardless of planting date. Initial weed 
NAR values were greater for weeds competing with corn. In 
the May 2 planting date, weed NARs in areas without corn 
present surpassed those of areas with corn present by 65, 
40, and 30 DAP for low, medium, and high weed densities, 
respectively (Figure 2.10). With the May 9 planting date, 
this phenomenon was seen 65, 30, and 40 DAP for low, medium 
and high densities (Figure 2.11). In the May 16 planting 
date, only the NAR in the low weed density without corn 
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Figure 2.7. Relative growth rate of annual grass weeds in 
corn planted May 2, 1985. The variation (R2) accounted for 
in the fitted lines to total dry matter from which R6R 
values were derived ranged from 82.0% to 95.0%. 
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Figure 2.8, Relative growth rate of annual grass weeds in 
corn planted May 9, 1985. The variation (R2) accounted for 
in the fitted lines to total dry matter from which R6R 
values were derived ranged from 82.0% to 95.0%. 
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Figure 2.9. Relative growth rate of annual grass weeds in 
corn planted May 16, 1985. The variation (Rz) accounted for 
in the fitted lines to total dry matter from which R6R 
values were derived ranged from 82.OX to 95.OX. 
39 
TIME AFTER PLANTING (days) 
Figure 2.10. Net assimilation rate of annual grass weeds in 
corn planted May 2, 1985. The variation (R^) accounted for 
in the fitted lines to total dry matter from which NAR 
values were derived ranged from 82.0% to 95.0%. 
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Figure 2.11. Net assimilation rate of annual grass weeds in 
corn planted May 9, 1985. The variation (R^) accounted for 
in the fitted lines to total dry matter from which NAR 
values were derived ranged from 82.0% to 95.0%. 
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TIME AFTER PLANTING (days) 
Figure 2.12. Net assimilation rate of annual grass weeds in 
corn planted May 16, 1985. The variation (R2) accounted for 
in the fitted lines to total dry matter from which NAR 
values were derived ranged from 82.0% to 95.o%. 
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plots was able to surpass that of the with corn plots 
(Figure 2.12). 
Figures 2.13 to 2.15 illustrate regression analysis of 
annual grass biomass accumulation during the 1985 growing 
season. Weed biomass per m2 is plotted for corn planted on 
May 2, 9, and 16 (Figures 2.13, 2.14, and 2.15). In Figure 
2.13, weed biomass production was decreased by corn 
competition beyond 85 DAP for all weed densities present. 
When corn was planted one week later, (Figure 2.14) 
suppression of weed biomass accumulation was seen at 70, 40, 
and 85 DAP for low, medium, and high densities, 
N 
respectively. Suppression of weed biomass by corn was much 
greater in low and medium weed density plots than in high 
weed density plots. The May 16 planting date shown in 
Figure 2.15 illustrates a noticeable reduction of weed 
biomass by corn for the low weed density. Medium and high 
weed density plots showed only slight suppression of weed 
biomass by corn competition. 
Final Yield 
Final silage yields are shown in Table 2.11. In 1984, 
silage yields decreased as grass density increased. This 
trend was most dramatic in the second planting time (May 
17,1984). During 1985, the same trend was observed. 
Highest silage yields were seen in the earliest planting 
(May 2,1985) . 
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TIME AFTER PLANTING (days) 
Figure 2.13. Biomass of annual grass weeds in corn planted 
May 2, 1985. The variation (Rz) accounted for in the fitted 
lines to total dry matter ranged from 82.OX to 95.OX. 
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Figure 2.14. Biomass of annual grass weeds in corn planted 
May 9, 1985. The variation (R2) accounted for in the fitted 
lines to total dry matter ranged from 82.0% to 95.0%. 
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Figure 2.15. Biomass of annual grass weeds in corn planted 
May 16, 1985. The variation (R2) accounted for in the 
fitted lines to total dry matter ranged from 82.0% to 95.0%. 
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Table 2.11: Effect of planting date and weed density on 
corn final silage yield during 1984 and 1985 
Weed density 
Date planted Zero Low Medium High 
(kg/ha) 
May 10, 1984 65632 49728 34496 27104 
May 17, 1984 63840 55776 41440 35168 
May 24, 1984 77056 37408 45696 18144 
May 2, 1985 80192 73248 49056 40768 
May 9, 1985 61600 57568 44800 29344 
May 16, 1985 82432 60928 46144 31360 
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Final grain yields are shown in Table 2.12. In 1984, 
grain yields decreased as grass density increased. Highest 
grain yields for plots with weeds present were found with 
the second (May 17, 1984) planting date, while highest weed- 
free yields were seen with the third (May 24, 1984) planting 
date. In 1985, the same inverse relationship between weed 
density and yield was observed. Highest grain yields were 
obtained with the earliest (May 2, 1985) planting date for 
all weed densities tested. 
Discussion 
The results of this study showed that corn, when 
planted early and grown without annual grass competition, 
yielded more grain and silage than weedy or late planted 
corn (Table 2.11 and 2.12). Closer examination of this 
data, assisted by growth analysis techniques, provided 
evidence regarding the physiological aspects of growth 
involved in corn-annual grass competition. 
The question of when to plant a crop is an important 
one, especially if the weed seeds present in the seed bank 
are able to germinate in lower soil temperatures than the 
crop seeds to be planted. Voldeng and Blackman (1973) found 
that corn growth was optimal at a temperature of 30 C and 
that components of corn growth were restricted by 
temperatures below 16 C. Although fall panicum growth is 
not vigorous in its early stages (Selleck, 1980), 
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Table 2.12: Effect of planting date and weed density 
corn final grain yield during 1984 and 1985 
Weed density 
Date planted Zero Low Medium High 
(kg/ha) 
May 10, 1984 11402 7821 4804 3537 
May 17, 1984 11772 9765 7288 5463 
May 24, 1984 13177 5757 7043 1725 
May 2, 1985 14388 12845 8586 7451 
May 9, 1985 12513 11114 8341 4515 
May 16, 1985 13880 10123 7664 3901 
on 
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germination temperature optima were found at 10 C for 16 h, 
30 C for 8 h (Brecke and Duke, 1980 ) and 20 C (Taylorson, 
1972). Large crabgrass exhibits maximum germination at 
temperatures above 30 C (Hsu et. al., 1985). 
Since corn germination is optimal at temperatures 
similar to those of annual grass weeds, and the initial 
growth of these weeds is vigorous, it is important that the 
corn be planted early, to maximize its competitive posture. 
Yield data, for the two latest planting dates, from 1984 
support this theory (Tables 2.11 and 2.12). The first (May 
10) planting date, however, exhibits yields which are lower 
than the May 17 planting date. Meteorological data from May 
1984 help to explain this apparent anomoly (Appendix table 
2.13). Mean temperatures during the month of May in 1984 
were below 16 C, the point at which corn growth is 
restricted. Additionally, rainfall for the month of May 
1984 exhibited a 300% increase over normal rainfall. Since 
fall panicum has been shown to exhibit flood tolerance 
(Hoveland and Buchanan, 1972), annual grass competition 
could have been aggravated by this rainfall. 
During 1985, corn yield was shown to decrease with 
later plantings (Tables 2.11 and 2.12). This appears to be 
a result of decreasing corn RGR and increasing LAR with 
later planting. The effect of decreasing yield with delayed 
planting observed in Massachusetts differs from the results 
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obtained in New Jersey, where delayed planting increased 
corn silage yields (Crane and Ilnicki, 1981). This 
illustrates the importance of local testing of corn-weed 
competitive effects. 
As corn planting time was delayed, both weed biomass 
and weed NAR suppression by corn were decreased. These data 
are consistent with the findings of Bhowmik and McGlew 
(1984), who reported that delayed corn planting resulted in 
increased annual grass biomass. 
As weed density increased, corn yield decreased during 
both 1984 and 1985 (Tables 2.11 and 2.12). Significant 
reductions in corn RGR and RLAGR as well as corn biomass 
increment with increasing weed density appear to be causing 
this trend. Potter and Jones (1977) reported that increases 
in leaf area partitioning of crops are responsible for yield 
enhancement. If corn RLAGR is significantly decreased by 
the presence of annual grass weeds, this could explain this 
trend. Reductions in corn RGR were accompanied, once again, 
by increases in corn LAR. Significant differences in NAR 
emerged between 42 and 63 DAP. These differences were most 
noticeable in the last planting date of 1985 (Table 2.10). 
It was in this last planting time that weed growth exhibited 
its greatest NAR differences between densities (Figure 
2.12), thus illustrating the importance of early corn 
planting in maximizing crop competitiveness. 
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Net assimilation rate is a measurement of plant 
photosynthetic efficiency (Kvet et. al.,1971). One of the 
most important factors affecting this efficiency is 
competition for light (Patterson, 1982). As plant density 
increases, light interception per plant decreases, lowering 
NAR (Herbert and Litchfield, 1984; Voldeng and Blackman, 
1973). This relationship was clearly illustrated by NAR 
values from annual grass species harvested during 1985 
(Figures 2.10 to 2.12). Low weed density plots showed the 
highest initial NAR regardless of the presence of corn. 
Medium weed density plots exhibited intermediate initial NAR 
values, while high density plots had the lowest initial 
NARs. Areas where corn was present had higher initial NAR 
values, but as the season progressed and the crop developed 
a canopy, NAR values of weeds beneath the corn canopy were 
lower than NAR values of weeds growing alone. This occurred 
during the May 2, 1985 planting date at 65, 40, and 30 DAP 
for low, medium, and high weed densities, respectively 
(Figure 2.10). With corn planted on May 9, 1985, NAR values 
for weeds fell below values for weeds in corn-free plots at 
70, 30, and 40 DAP for low, medium, and high weed densities, 
respectively (Figure 2.11). Weeds from corn planted on May 
16, 1985 showed the same general curve whether corn was 
present or absent (Figure 2.12). This seems to indicate 
that corn planted later in the season does not have the same 
competitive ability to reduce weed NAR beneath the corn 
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canopy as corn planted earlier, since only the low density 
weeds showed indication of a lowered NAR beneath the corn 
canopy after 40 days. 
CHAPTER III 
EFFECT OF ROW SPACING AND ANNUAL GRASS DENSITY ON 
CORN AND ANNUAL GRASS COMPETITION. 
Abstract 
Growth analysis techniques were employed to study the 
effects of crop row spacing on the growth and competitive 
ability of corn (Zea mays L.) grown in competition with 
annual grass species fall panicum (Panicum dichotomiflorum 
Michx.) and large crabgrass [Digitaria sanguinalis (L.) 
Scop.]. Performance of a constant density (62,500/ha) of 
'Agway 584S^[ corn was examined in four row spacings (61, 76, 
91, and 107 cm) and two annual grass densities (clean and 
natural population). 
Natural populations of fall panicum and large crabgrass 
significantly reduced corn relative growth rate (RGR), 
relative leaf area growth rate (RLAGR), biomass increment 
(/%W), and net assimilation rate (NAR) and increased corn 
leaf area ratio (LAR). 
Corn planted in narrow rows and maintained weed-free 
exhibited greater initial RGR, RLAGR, /*$W, and NAR values 
than corn planted in wide rows. Weedy corn exhibited 
highest initial RGR, RLAGR, /^W, and NAR values in 76 cm row 
spacings during 1984. Growth analysis results for weedy 
corn during 1985 were variable. 
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Final yields from both 1984 and 1985 indicated that 
annual grass species significantly reduced corn silage and 
grain yield from all row spacings tested. 
Weed-free corn was highest yielding for both silage and 
grain in 61 cm row spacings, and exhibited decreased yield 
with increased row spacing during both 1984 and 1985. This 
row spacing effect had a significant cubic component in 1984 
and a significant linear component in 1985. Weedy corn was 
highest yielding in 76 cm rows during 1984 and in 61 cm rows 
during 1985. 
Annual grass species harvested during 1985 exhibited 
greater biomass with wider row spacing, with the exception 
of the 107 cm row spacing. Net assimilation rate regression 
analysis indicated that weed growth in narrow row spacings 
(61 and 76 cm) was suppressed sooner than in wide row 
spacings. Relative growth rate regression analysis 
indicated that a 61 cm corn row spacing exhibited the lowest 
initial annual grass RGR. 
Corn competitive ability with respect to annual grass 
weeds tested may be improved by planting in narrow row 
spacings. Seasonal weather conditions may alter optimal 
planting patterns, since some weed species are more flood 
tolerant than others. 
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Introduction 
In contrast to plant pests such as insects, disease, 
and nematodes, weeds provide direct competition for the 
water, light, and nutrients necessary for crop growth 
(Patterson, 1982). The success of the weed species, 
although it may have a genetic basis, is not intrinsic. 
Instead, rapid canopy development, root growth, and 
efficiency of metabolism come into play. 
Corn, as well as some annual grass weeds such as fall 
panicum (Panicum dichotomiflorum Michx.) and large crabgrass 
[Digitaria sanguinalis (L. ) Scop.] are C4 species. Their 
biochemical pathways are similar, therefore they thrive in 
similar environments (Black et. al. 1969). When land is 
cultivated, planted with a crop monoculture, and sprayed 
with selective herbicides, herbicide tolerant weeds with 
similar growth habits to the crop are selected from the 
general weed population present in the seed bank (Patterson, 
1982) . 
Variations in cultural practices may either allow the 
weed species to proliferate or suppress its growth. 
Therefore, experiments which study variation in cultural 
practices can provide valuable information about weed-crop 
associations. For this reason, an experiment was initiated 
to study the effect of varied corn row spacings on the 
growth and competitive ability of annual grass weeds. 
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Materials and Methods 
The experiment was conducted during 198 4 and 198 5 at 
the Massachusetts Agricultural Experiment Station in South 
Deerfield, on a Hadley fine sandy loam (Mesic, Typic, 
Udifluvents). Soil was at a pH of 6.1 and contained 4.9% 
organic matter. Primary weed species present were fall 
panicum (Panicum dichotomiflorum Michx.) and large crabgrass 
[Digitaria sanguinalis (L.) Scop.]. Broadleaf weeds were 
removed from the experimental area by hand. 
Plots measured 4 rows wide by 7.5 m and were arranged 
in a randomized block design. Corn was planted into a 
freshly disced seedbed at a density of 62,500/ha in row 
spacings of 61, 76, 91, and 107 cm. Corn was planted on 
May 9, 1984 and on May 9, 1985. Weedy and weed-free regimes 
were established by: allowing natural populations to tiller 
freely and; application of alachlor [2-chloro-N-(2,6- 
diethylphenyl)-N-(methoxymethyl)acetamide] plus atrazine [6- 
chloro-N-ethyl- N'-(1-methylethyl)-1,3,5-triazine-2,4- 
diamine] at 1.68 and 1.12 kg ai/ha on May 11 , 1984 and on 
May 14, 1985. 
Sampling of both corn and annual grassy weeds was done 
at 21-day intervals. Corn was sampled by cutting five 
plants from one of the center rows of the plot. The plants 
were measured for height, then cut and separated into stem, 
leaf and ear tissue. Leaf area was determined using a Li- 
Cor (LI3100) photometer. Stem, ear, and leaf tissues were 
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dried in a forced air oven at 90 C for 48 h. Weight and 
leaf area values obtained were used in the calculation of 
growth analysis parameters as described by Kvet et. al. 
(1971), shown in Chapter II. Annual grass species were 
also sampled every 21 days in areas beneath the corn canopy. 
Above ground biomass was determined by clipping a 400cm2 
area. Number and average height of tillers, leaf area, and 
dry weight were recorded at each harvest time. Growth 
analysis (Kvet et. al., 1971) was performed using this 
information. 
Corn silage and grain yields were taken on September 26 
in both 1984 and 1985. At this time, 2.1 m were harvested 
from the center row of each plot. Total plot weight for 
stalks and ears was recorded in the field and subsampled for 
percent moisture. Silage and grain yields were determined 
by adjusting moisture to 70 and 15.5 percent, respectively. 
Results 
Analyses of variance for growth analysis parameters are 
located in Appendices 3.1 through 3.10. They encompass the 
entire season of four sampling intervals during either 1984 
(Appendices 3.1 to 3.5) or 1985 (Appendices 3.6 to 3.10). 
1984 Growth Analysis 
In 1984, corn relative growth rate (RGR) was shown to 
exhibit highly significant decreases when natural 
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populations of weeds were present (Appendix table 3.1, Table 
3.1). When individual sampling intervals were examined, it 
was shown that these differences occurred during the second 
(21 to 42 DAP) and fourth (84 to 105 DAP) intervals (Table 
3.1). Row spacings significantly affected corn relative 
growth rate, but no distinct pattern was found. These 
differences also occurred during the second and fourth 
growth intervals. Additionally, highly significant decreases 
in corn relative growth rate were seen with increasing row 
spacing widths in the first (21 to 42 DAP) growth interval. 
RGR decreased in weed-free corn and was variable in weedy 
corn with increased row spacing width. 
Regression analysis of corn RGR is illustrated in 
Figure 3.1. Two groups of four lines were distinguishable, 
with weed-free corn represented by higher initial RGR 
values. Within the weed-free group, highest initial RGR was 
exhibited by corn planted in a 76 cm row spacing. Weedy 
corn RGR values were similar initially, but varied in slope. 
The corn planted in 61 cm rows had the greatest negative 
slope among the weedy corn RGR values, . 
Relative leaf area growth rates (RLAGR) measured during 
1984 showed no season-long significance in the upper portion 
of the analysis of variance (Appendix table 3.2). Highly 
significant interactions between growth intervals (weeks) 
and weed density were observed. These significant 
differences showed no distinct pattern and were observed 
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Table 3.1: Effect of row spacing and weed density on corn 
relative growth rate during 1984 
Relative growth rate 
Days after planting 
Row 
spacing 
Weed 
density 21-42 42-63 63-84 84-105 
(cm) (g/g/day) 
61 weed free 0.1503 0.1358 0.0726 0.0362 
76 weed free 0.1602 0.1300 0.0721 0.0352 
91 weed free 0.1475 0.1438 0.0653 0.0310 
107 weed free 0.1347 0.1433 0.0801 0.0250 
61 weedy 0.1420 0.1053 0.0584 0.0058 
76 weedy 0.1526 0.1044 0.0590 0.0303 
91 weedy 0.1374 0.1196 0.0676 0.0334 
107 weedy 0.1215 0.1237 0.0833 -.0060 
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Figure 3.1. Relative growth rate of 'Agway 584S' corn from 
four row spacings during 1984. The variation (R ) accounted 
for in the fitted lines to total dry matter from which RGR 
values were derived ranged from 98.8 to 99.7%. 
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between weed densities during the first and second growth 
intervals (Table 3.2). The interaction between growth 
intervals and row spacings can be explained by a significant 
difference among row spacings during the first and second 
sampling intervals. Values for RLAGR were variable 
initially in weed-free corn and decreased with wider row 
spacing in weedy corn. Later in the growing season, wider 
spacing enhanced both weedy and weed-free RLAGR. 
Corn leaf area ratio (LAR) values showed highly 
significant increases with natural weed populations present 
(Appendix table 3.3, Table 3.3). When the growing season 
was separated into growth intervals, highly significant 
differences were observed from 42 to 105 DAP (Table 3.3). 
Although no season-long significance was seen among row 
spacings, a significant difference was observed during the 
second growth interval where LAR increased significantly 
with increasing row spacing. Values for LAR increased with 
wider row spacings in weed-free corn. Results in weedy corn 
were variable, with the 91cm spacing exhibiting the largest 
initial LAR in 1984. 
Biomass increment showed a significant weed density 
effect throughout the season (Appendix table 3.4). Corn 
biomass from weedy plots was significantly reduced below 
that in weed-free plots from 42 DAP to the end of the 
growing season (Table 3.4). Additionally, wider row 
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Table 3.2: Effect of row spacing and weed density on corn 
relative leaf area growth rate during 1984 
Relative leaf area growth rate 
_Days after planting_ 
Row Weed 
spacing density 21-42 42-63 63-84 
(cm) (dm/dm^/day) 
61 weed free 0.1592 0.1015 0.0078 
76 weed free 0.1676 0.0969 0.0048 
91 weed free 0.1531 0.1092 0.0057 
107 weed free 0.1420 0.1116 0.0103 
61 weedy 0.1516 0.0778 0.0103 
76 weedy 0.1617 0.0748 0.0077 
91 weedy 0.1442 0.0912 0.0109 
107 weedy 0.1331 0.0944 0.0217 
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Table 3.3: Effect of row spacing and weed density on corn 
leaf area ratio during 1984 
Leaf area ratio 
_days after planting_ 
Row Weed 
spacing density 21-42 42-63 63-84 
(cm) _(dm2/g) 
61 weed free 26.15 30.98 15.22 
76 weed free 27.31 31.65 15.78 
91 weed free 28.04 31.48 . 15.26 
107 weed free 29.25 33.78 17.45 
61 weedy 27.02 32.82 18.47 
76 weedy 27.83 32.93 17.67 
91 weedy * 29.60 34.06 18.82 
107 weedy 27.94 35.67 19.27 
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Table 3.4: Effect of row spacing and weed density on 
biomass increment during 1984 
Biomass increment 
_Days after planting_ 
Row Weed 
spacing density 21-42 42-63 63-84 84-105 
(cm) 
61 weed free 1.68 
76 weed free 2.01 
91 weed free 1.60 
107 weed free 1.10 
61 weedy 1.42 
76 weedy 1.78 
91 weedy 1.20 
107 weedy 0.91 
(g days) 
29.24 111.08 65.75 
28.66 110.36 44.76 
32.31 99.22 52.10 
23.18 104.45 51.86 
12.02 34.90 27.85 
15.00 41.66 36.97 
14.32 49.13 23.51 
12.17 61.26 33.23 
corn 
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spacings significantly decreased the corn biomass increment 
during the 21 to 42 DAP growth interval. 
According to analysis of variance data from 1984, net 
assimilation rate (NAR ) values showed significant 
decreases with natural weed populations present (Appendix 
table 3.5). These decreases were significant during all 
growth intervals (Table 3.5). During the 21 to 42 DAP growth 
period, a highly significant reduction in corn NAR with 
increasing row spacings was seen. Later in the season, 
increased row spacing increased NAR of weed-free corn and 
weedy corn. 
1985 Growth Analysis 
In 1985, corn relative growth rate showed highly 
significant decreases when natural weed populations were 
present (Appendix table 3.6, Table 3.6). These differences 
were established early in the growing season (21 to 63 DAP), 
and were not apparent at later harvest intervals (Table 
3.6) . 
Regression analysis of corn RGR is shown in Figure 3.2. 
As in 1984, two distinct groups of four lines were seen. 
The higher initial RGR values were those from the weed-free 
corn. It was evident that the 61 cm row spacing gave the 
highest initial RGR among weed-free corn values. Weedy corn 
RGR values were similar for all but the 107 cm spacing, 
which exhibited the lowest initial RGR of any treatment. 
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Table 3.5: Effect of row spacing and weed density on corn 
net assimilation rate during 1984 
Row 
spacing 
Weed 
density 
Net assimilation rate 
Days after planting 
21-42 42-63 63-84 
(cm) (g/dm2/day) 
61 weed free 0.0053 0.0065 0.0100 
76 weed free 0.0055 0.0059 0.0100 
91 weed free 0.0050 0.0067 0.0080 
107 weed free 0.0043 0.0061 0.0100 
61 weedy 0.0048 0.0043 0.0060 
76 weedy 0.0051 0.0044 0.0060 
91 weedy 0.0043 0.0048 0.0070 
107 weedy 0.0039 0.0048 0.0090 
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Table 3.6: Effect of row spacing and weed density on corn 
relative growth rate during 1985 
Relative growth rate 
_Days after planting 
Row Weed 
spacing density 21-42 42-63 63-84 84-105 
(cm) (g/g/day) 
61 weed free 0.1387 0.1230 0.0520 0.0138 
76 weed free 0.1216 0.1238 0.0557 0.0210 
91 weed free 0.1284 0.1171 0.0561 0.0070 
107 weed free 0.1338 0.1168 0.0546 0.0101 
61 weedy 0.1264 0.0893 0.0418 0.0259 
76 weedy 0.1244 0.0937 0.0571 0.0160 
91 weedy 0.1243 0.0892 0.0475 0.0171 
107 weedy 0.1217 0.0806 0.0538 0.0324 
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Figure 3.2. Relative growth rate of ‘Agway 584S corn from 
four row spacings during 1 985. The variation (R ) 
for in the fitted lines to total dry matter from which RGR 
values were derived ranged from 95.7% to 99.6%. 
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During 1985, weed densities affected corn RLAGR 
(Appendix table 3.7). This was seen as a highly significant 
decrease in weedy RLAGR during the second growth interval 
and a significant increase in weedy RLAGR during the third 
growth interval (Table 3.7). 
Values for LAR during 1985 showed highly significant 
differences among weed densities (Appendix table 3.8). 
Differences in LAR due to weed densities occurred during the 
63 to 105 DAP period (Table 3.8) where weed-free LAR is 
significantly lower than weedy LAR. 
Biomass increments illustrated a highly significant 
weed density effect (Appendix table 3.9). Weedy corn 
biomass increments were significantly lower than weed-free 
ones during 21 to 84 DAP (Table 3.9). 
Seasonal values for NAR showed significant decreases 
with natural weed populations present (Appendix table 3.10, 
Table 3.10). Differences appeared as decreases in weedy NAR 
during 42 to 84 DAP (Table 3.10). In addition to the 
density effect, row spacings were shown to exhibit 
significant differences during the 42 to 63 DAP growth 
interval, where NAR decreased with increased row spacing. 
Silage and Grain Yields 
During 1984, corn silage (Table 3.11) and grain (Table 
3.12) yields were severely reduced by natural populations of 
annual grass species and significantly reduced by increased 
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Table 3.7: Effect of row spacing and weed density on corn 
relative leaf area growth rate during 1985 
Row Weed 
spacing density 
Relative leaf area growth rate 
Days after planting 
21-42 42-63 63-84 84-105 
(cm) (dm/dm2/day) 
61 weed free 0.1280 0.0786 -.0021 -.0009 
76 weed free 0.1130 0.0786 0.0035 0.0078 
91 weed free 0.1179 0.0798 -.0043 -.0064 
107 weed free 0.1184 0.0772 0.0021 -.0052 
61 weedy 0.1139 0.0596 0.0031 -.0036 
76 weedy 0.1137 0.0576 0.0098 -.0035 
91 weedy 0.1192 0.0519 0.0076 -.0059 
107 weedy 0.1125 0.0480 0.0073 -.0042 
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Table 3.8: Effect of row spacing and weed density on corn 
leaf area ratio during 1985 
Row 
spacing 
Weed 
density 
Leaf area ratio 
Days after planting 
21-42 42-63 63-84 84-105 
(cm) (dm2/g) 
61 weed free 30.114 24.00 9.461 3.050 
76 weed free 28.779 24.03 9.322 3.105 
91 weed free 29.749 23.69 10.976 3.056 
107 weed free 32.323 23.34 10.187 3.396 
61 weedy 30.262 23.22 12.481 5.599 
76 weedy 30.875 24.56 11.507 4.329 
91 weedy 27.723 24.74 11.288 4.924 
107 weedy 31.122 25.66 12.923 5.020 
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ladle 3.5: rffect cf rev spacing and weed density on 
bio&ass mcrerent during 1585 
?-CV 
scan* *c density 
Bicrass increment 
lavs adter slanting 
21-42 42-63 63-84 84-105 
C3) (g days) 
61 weed dree 4.75 61.04 130.83 64.95 
76 weed dree 4.32 56.42 135.32 118.37 
92. y ^ |^L ** • V ^ ^ 5.16 58.91 145.28 34.26 
107 weed dree 4.67 52.41 125.54 40.41 
c* 
Vi weedy 3.68 21.80 38.15 46.92 
76 we-erdy 3.97 26.71 76.18 44.87 
w ee d v 4.72 28.95 63.23 34.88 
107 weedv 3.35 18.47 54.38 72.44 
corn 
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Table 3.10: Effect of row spacing and weed density on corn 
net assimilation rate during 1985 
Net assimilation rate 
Days after planting 
Row 
spacing 
Weed 
density 21-42 42-63 63-84 84-105 
(cm) (q/dm2 /day) 
61 weed free 0.0052 0.0085 0.0109 0.0053 
76 weed free 0.0046 0.0086 0.0109 0.0076 
91 weed free 0.0049 0.0076 0.0105 0.0027 
107 weed free 0.0049 0.0078 0.0099 0.0034 
61 weedy 0.0048 0.0054 0.0053 0.0066 
76 weedy 0.0045 0.0057 0.0088 0.0049 
91 weedy 0.0048 0.0055 0.0068 0.0043 
107 weedy 0.0043 0.0045 0.0075 0.0092 
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Table 3.11: Effect of row spacing and weed density on corn 
silage yield during 1984 and 1985 
Year Weed density 61 
Spacing 
76 
(cm) 
91 107 
1984 Weed-free 64117 
(kg/ha) 
60961 49565 49985 
1984 Weedy 22002 33435 17049 27053 
1985 Weed-free 81604 83221 72046 65407 
1985 Weedy 39790 32645 33507 21967 
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Table 3.12: Effect of row spacing and weed density on corn 
grain yield during 1984 and 1985 
Year Weed density 61 
Spacing 
76 
(cm) 
91 107 
(kg/ha) 
1984 Weed-free 11144 10152 8901 8702 
1984 Weedy 3708 5111 2254 4383 
1985 Weed-free 14323 13429 12505 12163 
1985 Weedy 6782 5968 5929 3302 
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row spacing (Appendix table 3.11). Weed-free corn in 61 cm 
rows and weedy corn in 76 cm rows were highest yielding, the 
latter producing significantly more silage and grain than 91 
cm rows. 
Percent reduction of silage yield by annual grass 
species was 66, 45, 66, and 46% for 61, 76, 91, and 107 cm 
row spacings, respectively. Grain yields were reduced 67, 
50 , 75 , and 50%, respectively, in these row spacings. 
Although 107 cm rows exhibited percent reductions similar to 
those seen in 76 cm rows, yields were significantly lower in 
the former. 
s 
A significant cubic component of the row spacing effect 
is noted in Appendix 3.11 for both silage and grain. This 
indicates that corn yield decreases in a cubic manner with 
increasing row spacing. 
During 1985, corn silage (Table 3.11) and grain (Table 
3.12) yields were significantly reduced both by natural weed 
populations and increased row spacing (Appendix table 3.12). 
Weed-free corn yielded more silage when planted in 61 and 76 
cm rows versus 91 and 107 cm rows. Weedy corn silage yield 
was highest in 61 cm rows and decreased as row spacing 
increased. Grain yield was highest in 61 cm rows regardless 
of weed density and decreased with increasing row spacing. 
Yield reductions for 61, 76, 91, and 107 cm rows were 51, 
61, 53, and 66% for silage and 53, 56, 52, and 73% for 
grain, respectively. Appendix 3.12 indicates a highly 
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significant linear component of the row spacing effect for 
both silage and grain, indicating that a linear decrease in 
yield is obtained with increased row spacing. 
Weed Growth Analysis 1985 
Relative growth rate of annual grass species is 
illustrated in Figure 3.3. Initial RGR values showed no 
distinct trend among row spacings. Highest and lowest 
initial RGRs were exhibited in 76 and 61 cm row spacings, 
respectively. Values for RGR decreased over time. 
Net assimilation rates of annual grass species are 
illustrated by Figure 3.4. Rapid decreases in weed NAR were 
observed in both 61 and 76 cm row spacings, apparently a 
result of more rapid corn canopy closure. Slower NAR 
decreases over time were observed with 91 and 107 cm row 
spacings. 
Annual grass species were shown to exhibit increased 
biomass accumulation with increased corn row spacing (Figure 
3.5). The only exception to this trend was the widest (107 
cm) corn row spacing, which did not accumulate as much 
biomass as the 91 cm row spacing weeds. 
Discussion 
Light penetration through the crop canopy is an 
important factor of crop growth, and can be influenced by 
cultural practices such as crop density and row spacing. 
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Figure 3.3. Relative growth rate of annual grass weeds in 
corn planted in four row spacings during 1985. The 
variation (R ^) accounted for in the fitted linesto total 
dry matter from which R6R values were derived ranged from 88 
to 96%. 
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Figure 3.4. Net assimilation rate of annual grass weeds in 
corn planted in four row spacings during 1985. The 
variation (R 2) accounted for in the fitted lines to total 
dry matter from which NAR values were derived ranged from 88 
to 96%. 
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Figure 3.5. Biomass accumulation of annua 1 grass,u*ey Liation 
corn planted in four row spacings during 1985 v.ar’at1°" 
(£5) accounted for in the fitted lines to total dry matte 
ranged from 88% to 96%. 
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The historical trend from lower plant populations and wide 
row spacings to high populations and narrow row spacings has 
demonstrated increased crop yield and decreased weed 
competition (Duncan, 1969; Schmidt and Colville, 1967). 
Therefore, canopy architecture and factors which influence 
it can be important considerations in weed control programs. 
Corn yield is a product of yield per plant and plant 
population. Within a constant population, therefore, 
changes in yield reflect changes in yield per plant. 
Studies were conducted to examine plant population and 
spacing geometry, since varietal differences such as plant 
size and angle of leaf display can alter optimal corn 
spacing. 
In this study, plant population was held constant at 
62,500/ha to minimize corn population effects. Corn row 
spacings of 61, 76, 91, and 107 cm were chosen. 
Previous work has shown that as row spacing decreases, 
plant uniformity increases. This increased uniformity has 
been shown to increase canopy efficiency in corn (Moomaw and 
Martin, 1984) and soybean (Herbert and Litchfield, 1984). 
Studies have shown that yield advantages of narrow corn rows 
may be dependent on variety (Brown et. al., 1970) and 
management practices such as irrigation (Brown et. al., 
1970; Karlen and Camp, 1985). Bryant and Blaser (1968), 
however, found yield advantages from narrow corn rows 
occurred regardless of crop population and variety. 
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Weed-free 'Agway 584Sfl corn growth analysis results 
supported the results of previous studies during both 1984 
and 1985. Growth analysis parameters measured indicate that 
higher yields in narrow spacings were a result of high 
initial RGR, RLAGR,/^W, and NAR. Increases in corn LAR were 
observed with increased row spacing. This was consistent 
with the findings of Voldeng and Blackman (1973 ) who found 
LAR to be inversely related to radiation. 
Weedy 'Agway 584S^[ corn exhibited seasonal differences. 
During 1984 and 1985, highest yields were obtained with the 
76 and 61 cm row spacings, respectively. The 1985 data 
indicated that weed infested corn is more competitive in 
narrow row spacings, which was similar to observations made 
in weed-free corn. The 1984 data, however, exhibit no such 
trend. Weather data collected during 1984 illustrated that 
1984 was a very cold, wet season. Considering the flood 
tolerance observed in fall panicum (Hoveland and Buchanan, 
1972) and the low germination temperature optima of both 
weed species present (Brecke and Duke, 1980; Taylorson, 
1972) these anomalous weather patterns may have contributed 
to increased or spotty weed infestations. Weedy corn 
planted in 61 cm rows showed lower RGR values in 198 4 than 
corn planted in 76 cm rows. This made the 61 cm corn less 
competitive with annual grass species during 1984. 
Weed growth analysis data indicated that wider corn row 
spacings allowed greater annual grass weed biomass to 
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accumulate beneath the corn canopy. Annual grass NAR values 
decreased more rapidly in narrow corn row spacings, 
indicating that corn canopy closure was more rapid in these 
situations. Relative growth rates of annual grass species 
did not give a good indication of weed suppression trends by 
narrower row spacings. However, the 61 cm row spacing 
exhibited the lowest RGR of the four row spacings tested. 
In this study, corn planted in narrow row spacings was 
better able to compete with annual grass species such as 
large crabgrass and fall panicum than corn planted in wider 
row spacings. Weather conditions may have altered this 
relationship if the weed species tested were, in fact, more 
flood tolerant than the crop. 
APPENDIX 
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Appendix table 2 
variable relative 
.1 Analysis 
growth rate 
of variance 
(RGR) of corn 
for independent 
during 1984 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 0.00036 4.50* 
Replicate (R):P 9 0.00008 
SUB PLOT 36 
Density (D) 3 0.00045 7.31** 
DP 6 0.00014 2.25 
DR: P 27 
X 
0.00006 
SUB-SUBPLOT 144 
Weeks (W) 3 0.12598 603.23** 
WP 6 0.00518 24.79** 
WR: P 27 0.00025 1.21 
WD 9 0.00026 1.26 
WDP 18 0.00018 0.84 
WDR: P 81 0.00021 
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Appendix table 2.2 Analysis 
variable relative leaf area 
during 1984 
of variance 
growth rate 
for independent 
(RLAGR) of corn 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 0.00221 44.20** 
Replicate (R) : P 9 0.00005 
SUB PLOT 36 
Density (D) 3 0.00023 12.76** 
DP 6 0.00001 0.72 
DR: P 27 0.00002 
SUB-SUBPLOT 96 
Weeks (W) 2 0.21260 1680.78** 
WP 4 0.00626 49.46** 
WR: P 18 0.00013 1.00 
WD 6 0.00021 1.64 
WDP 12 0.00009 0.67 
WDR: P 54 0.00013 
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Appendix table 2.3 Analysis of variance for independent 
variable leaf area ratio (LAR) of corn during 1984 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 34328.96794 23.51** 
Replicate (R):P 9 1460.04720 
SUB PLOT 36 
Density (D) 3 3815.46644 7.61** 
DP 6 518.65013 1.03 
DR: P 27 501.51936 
SUB-SUBPLOT 96 
Weeks (W) 2 335597.14724 731.09** 
WP 4 37353.41539 81.37** 
WR: T 18 1202.24100 2.61** 
WD 6 1338.75444 2.92** 
WDP 12 331.39995 0.72 
WDR: P 54 459.03855 
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Appendix table 2.4 Analysis of variance for independent 
variable biomass increment (AW) of corn during 1984 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 659.37304 2.75 
Replicate (R):P 9 239.76940 
SUB PLOT 36 
Density (D) 3 3718.76758 13.53** 
DP 6 1060.40782 3.86** 
DR: P 27 274.79063 
SUB-SUBPLOT 144 
Weeks (W) 3 31289.11998 89.73** 
WP 6 1748.87367 5.02** 
WR: T 27 342.46199 0.98 
WD 9 1576.33248 4.52** 
WDP 18 574.63045 1.65 
WDR: P 81 348.70123 
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Appendix table 2.5 Analysis of variance for independent 
variable net assimilation rate (NAR) of corn during 1984 
Source DF Mean square F 
WHOLE PLOT 11 
Planting time (P) 2 0.00000 23.51** 
Replicate (R):P 9 0.00000 
SUB PLOT 36 
Density (D) 3 0.00000 14.75** 
DP 6 0.00000 1.96 
DR: P 27 0.00000 
SUB-SUBPLOT 96 
Weeks (W) 2 0.00000 74.17** 
WP 4 0.00000 7.14* 
WR: P 18 0.00000 1.11 
WD 6 0.00000 4.15** 
WDP 12 0.00000 0.63 
WDR: P 54 0.00000 
90 
Appendix table 2.6 Analysis of variance for independent 
variable relative growth rate (RGR) of corn during 1985 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 0.00171 5.16* 
Replicate (R):P 9 0.00033 
SUB PLOT 36 
Density (D) 3 0.00088 8.77** 
DP 6 0.00005 0.52 
DR: P 27 0.00010 
SUB-SUBPLOT 144 
Weeks (W) 3 0.14621 622.03** 
WP 6 0.00139 5.90** 
WR: P 27 0.00029 1.19 
WD 9 0.00029 1.23 
WDP 18 0.00026 1.12 
WDR: P 81 0.00024 
91 
Appendix table 2.7 Analysis of variance for independent 
variable relative leaf area growth rate (RLAGR) of corn 
during 1985 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 0.00065 6.03* 
Replicate (R):P 9 0.00011 
SUB PLOT 36 
Density (D) 3 0.00035 10.32** 
DP 6 0.00003 0.87 
DR: P 27 0.00003 
SUB-SUBPLOT 144 
Weeks (W) 3 0.14259 1023.09** 
WP 6 0.00049 3.51** 
WR: P 27 0.00016 1.13 
WD 9 0.00015 1.08 
WDP 18 0.00026 1.87* 
WDR: P 81 0.00014 
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Appendix table 2.8 Analysis of variance for independent 
variable leaf area ratio (LAR) of corn during 1985 
Source DF Mean square F 
WHOLE PLOT 11 
Planting date (P) 2 668.36290 5.49* 
Replicate (R):P 9 121.63115 
SUB PLOT 36 
Density (D) 3 44.13708 1.23 
DP 6 31.75581 0.88 
DR: P 27 35.97360 
SUB-SUBPLOT 144 
Weeks (W) 3 11866.97037 366.21** 
WP 6 357.09561 11.02** 
WR: T 27 89.83913 2.77 
WD 9 44.97970 1.39 
WDP 18 22.99606 0.71 
WDR: P 81 32.40489 
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Appendix table 2.9 Analysis of variance for independent 
variable biomass increment (/*$W) of corn during 198 5 
Source DF Mean square F 
WHOLE PLOT 11 
- 
Planting date (P) 2 125.23114 0.39 
Replicate (R):P 9 318.66438 
SUB PLOT 36 
Density (D) 3 5392.08562 25.60** 
DP 6 128.18159 0.61 
DR: P 27 210.63905 
SUB-SUBPLOT 144 
Weeks (W) 3 31023.51796 64.82** 
WP 6 1263.20345 2.64* 
WR:T 27 350.55110 0.73 
WD 9 978.08727 2.04* 
WDP 18 460.41510 0.96 
WDR: P 81 478.62112 
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Appendix table 2.10 Analysis of variance for independent 
variable net assimilation rate (NAR) of corn during 1985 
Source DF Mean square F 
WHOLE PLOT 11 
Planting time (P) 2 0.00000 0.93 
Replicate (R):P 9 0.000002 
SUB PLOT 36 
Density (D) 3 0.00002 8.60** 
DP 6 0.00000 1.17 
DR: P 27 0.00000 
SUB-SUBPLOT 144 
Weeks (W) 3 0.00016 30.16** 
WP 6 0.00002 2.97** 
WR: P 27 0.000004 0.41 
WD 9 0.00000 0.68 
WDP 18 0.00000 0.85 
WDR: P 81 0.00001 
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Appendix table 2.11 1984 Final yield analysis of variance 
for independent variables grain and silage 
Source DF 
WHOLE PLOT 11 
Planting date 2 
Replicate(R):P 9 
SUB PLOT 36 
Density 3 
DP 6 
DR:P 27 
Grain 
Mean square F 
3749.11 2.08 
1591.33 
38718.32 21.45** 
2224.01 1.23 
1805.15 
Silage 
Mean square F 
23.79 0.71 
19.12 
734.83 21.98** 
57.44 1.72 
33.44 
0.75638 0.75411 
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Appendix table 2.12 1985 Final yield analysis of variance 
for independent variables grain and silage 
Source DF 
WHOLE PLOT 11 
Planting date 2 
Replicate(R):P 9 
SUB PLOT 36 
Density 3 
DP 6 
DR:P 27 
Grain 
Mean square F 
4353.34 3.57* 
2911.19 
40627.81 33.32** 
718.62 0.59 
1219.23 
Silage 
Mean square F 
123.94 3.87* 
54.63 
786.34 24.57** 
21.84 0.68 
31.99 
0.83033 0.78898 
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Appendix table 2.13 
TEMPERATURE AND PRECIPITATION 
1984 AND 1985 
AMHERST COLLEGE STATION, MASSACHUSETTS 
DAY TEMPERATURE (F) PRECIPITATION3 
APRIL MIN MAX MEAN (inches) 
1984 1985 1984 1985 1984 1985 1984 1985 
1 26 32 59 39 42.5 35.5 — — .05 
2 29 32 60 47 44.5 39.5 — — 
3 30 27 62 43 46.0 35.0 — .09 
4 32 38 43 55 37.5 46.5 — .01 
5 38 42. 55 70 46.5 56.0 1.29 — 
6 46 42 58 65 52.0 53.5 — .03 
7 41 42 47 58 44.0 50.0 — — 
8 35 32 48 52 41.5 42.0 — .44 
9 29 26 52 45 40.5 35.5 — — 
10 28 21 48 48 38.0 34.5 — — 
11 36 36 63 58 49.5 47.0 — — 
12 41 30 68 59 54.5 44.5 — — 
13 33 33 62 60 47.5 46.5 T .04 
14 41 38 46 48 43.5 43.0 .83 T 
15 38 45 45 68 41.5 56.5 .15 T 
16 38 44 47 72 42.5 58.0 1.10 .02 
17 46 32 68 52 57.0 42.0 — — 
18 39 28 69 55 54.0 41.5 .10 T 
19 46 36 54 73 50.0 54.5 T — 
20 43 46 55 68 49.0 57.0 .10 — 
21 32 46 49 84 40.5 65.0 T — 
22 28 48 59 74 43.5 61.0 — .15 
23 37 47 63 66 50.0 56.5 .35 — 
24 45 41 50 50 47.5 45.5 .17 — 
25 44 40 55 71 49.5 55.5 .02 .01 
26 40 53 68 76 54.0 64.5 _— .01 
27 36 45 70 62 53.0 53.5 — — 
28 38 39 76 63 57.0 51.0 — .10 
29 50 46 80 69 65.0 57.5 — — 
30 49 43 79 84 64.0 63.5 
TOTAL 
AVG. 37.8 38.3 58.6 61.1 48.2 49.7 4.02 0.95 
NORM.b36.0 36.0 58.9 59.0 47.5 47.5 4.00 3.92 
a T = TRACE AMOUNT 
b BASED ON A 36 YEAR AVERAGE 
TEMPERATURE AND PRECIPITATION 
1984 AND 1985 
AMHERST COLLEGE STATION, MASSACHUSETTS 
DAY TEMPERATURE (F) PRECIPITATION3 
MAY MIN MAX MEAN (inches) 
1984 1985 1984 1985 1984 1985 1984 1985 
1 45 54 63 78 54.0 66.0 T 
2 38 48 57 64 47.5 56.0 — — _ 
3 31 38 68 51 49.5 44.5 .26 .56 
4 47 29 53 69 50.0 48.0 1.10 — — 
5 43 47 59 69 51.0 58.0 — — 
6 37 44 71 59 54.0 51.5 — .26 
7 39 44 78 70 58.5 57.0 — — 
8 53 38 60 58 56.5 48.0 .96 — 
9 46 29 63 66 54.5 47.5 — — 
10 38 51 65 85 51.5 68.0 — — 
11 38 59 72 90 55.0 74.5 T — 
12 46 59 60 76 53.0 67.5 .42 .03 
13 41 62 69 86 55.0 74.0 .33 .02 
14 44 49 59 79 51.5 64.0 .33 — 
15 36 47 58 68 47.0 57.5 .18 — 
16 37 49 54 68 45.5 58.5 T — 
17 35 57 64 75 49.5 66.0 — .13 
18 33 44 70 63 51.5 53.5 — 1.02 
19 40 43 70 61 55.0 52.0 .03 .33 
20 47 48 73 83 60.0 65.5 .15 — 
21 53 58 79 80 66.0 69.0 — 1.18 
22 48 48 83 76 65.5 62.0 — — 
23 55 46 82 76 68.5 61.0 
0
0
 
V
O
 • — 
24 50 46 73 84 61.5 65.0 — — 
25 47 52 80 84 63.5 68.0 — — 
26 55 52 83 79 69.0 65.5 * o
 
V
O
 
.03 
27 50 58 76 88 63.0 73.0 — .02 
28 48 53 57 64 52.5 58.5 .85 .54 
29 52 48 57 73 54.5 60.5 2.55 — 
30 51 42 64 75 57.5 58.5 2.70 — 
31 48 53 53 74 50.5 63.5 1.15 T 
TOTAL 
AVG 44.2 48.2 66.8 73.2 55.5 60.7 11.78 4.12 
NORMb45.8 45.9 70.6 70.7 58.2 58.3 3.80 3.81 
a T = TRACE AMOUNT 
b BASED ON A 36 YEAR AVERAGE 
TEMPERATURE AND PRECIPITATION 
1984 AND 1985 
AMHERST COLLEGE STATION, MASSACHUSETTS 
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DAY TEMPERATURE (F) PRECIPITATION3 
JUNE MIN MAX MEAN (inches) 
1984 1985 1984 1985 1984 1985 1984 1985 
1 46 53 70 73 58.0 63.0 — — .79 
2 51 49 63 84 57.0 66.5 — — 
3 45 57 70 80 57.5 68.5 — T 
4 46 48 82 80 64.0 64.0 — — 
5 54 50 88 63 71.0 56.5 — .38 
6 59 50 84 71 71.5 60.5 — — 
7 64 45 92 76 78.0 60.5 — — 
8 67 52 96 63 81.5 57.5 — .25 
9 70 56 96 74 83.0 65.0 — T 
10 70 58 96 80 83.0 69.0 — — 
11 61 54 95 81 78.0 67.5 — — 
12 56 53 87 63 71.5 58.0 — .37 
13 60 51 95 68 77.5 59.5 — T 
14 61 50 84 66 72.5 58.0 — — 
15 50 45 73 78 61.5 61.5 — — 
16 42 57 74 73 58.0 65.0 — .25 
17 54 57 75 80 64.5 68.5 — — 
18 59 63 68 79 63.5 71.0 — .40 
19 64 56 87 77 75.5 66.5 — — 
20 58 51 83 79 70.5 65.0 — .03 
21 50 50 81 80 65.5 65.0 — — 
22 53 50 83 83 78.0 66.5 — — 
23 52 61 86 82 69.0 71.5 — .17 
24 55 55 69 74 62.0 64.5 — 1.25 
25 58 49 83 70 70.5 59.5 — .07 
26 53 48 78 68 65.5 58.0 T T 
27 51 54 85 61 68.0 57.5 — .01 
28 67 ' 55 85 66 76.0 60.5 — .61 
29 67 53 84 64 75.5 58.5 .01 .01 
30 64 52 74 82 69.0 67.0 .10 — — 
TOTAL 
AVG 56.9 52.7 82.2 73.9 69.6 63.3 1.66 4.59 
NORM b 55.3 55.2 79.7 79.5 67.5 67.4 3.82 3.84 
a T = TRACE AMOUNT 
b BASED ON A 36 YEAR AVERAGE 
TEMPERATURE AND PRECIPITATION 
1984 AND 1985 
AMHERST COLLEGE STATION, MASSACHUSETTS 
100 
DAY TEMPERATURE (F) PRECIPITATIONa 
JULY MIN MAX MEAN (inches) 
1984 1985 1984 1985 1984 1985 1984 1985 
1 63 59 78 85 70.5 72.0 .14 
2 64 59 88 83 76.0 71.0 — — 
3 66 62 85 83 75.5 72.5 T T 
4 62 57 88 87 75.0 72.0 .01 — 
5 70 60 82 86 76.0 73.0 .16 — 
6 68 67 75 86 71.5 76.5 .03 .24 
7 60 63 72 83 66.0 73.0 2.77 — 
8 55 62 72 85 63.5 73.5 — — 
9 52 57 79 88 65.5 72.5 — — 
10 56 66 84 86 70.0 76.0 — .14 
11 65 59 75 84 70.0 71.5 T — 
12 64 52 87 85 75.5 68.5 — .48 
13 61 57 89 85 75.0 71.0 — — 
14 59 60 94 86 76.5 73.0 — .17 
15 67 69 93 82 80.0 75.5 — .13 
16 67 64 85 86 76.0 75.0 .02 .57 
17 61 57 84 84 72.5 70.5 — — 
18 62 58 76 88 69.0 73.0 1.26 — 
19 56 62 82 87 69.0 74.5 — — 
20 56 65 84 90 70.0 77.5 — — 
21 63 59 75 89 69.0 74.0 .15 .21 
22 62 63 87 87 74.5 75.0 — — 
23 67 54 89 80 78.0 67.0 — — 
24 64 49 86 82 75.0 65.5 — — 
25 56 57 79 84 67.5 70.5 — —— 
26 50 67 83 80 66.5 73.5 — .52 
27 57 60 65 85 61.0 72.5 .36 — 
28 58 55 79 84 68.5 69.5 — — 
29 55 61 86 86 70.5 73.5 — — 
30 62 62 84 87 73.0 74.5 — — 
31 59 59 88 67 75.5 63.0 2.30 
TOTAL 
AVG 60.9 60.0 82.4 84.5 71.6 72.3 4.90 4.76 
NORMb 60.3 60.3 84.4 84.4 72.4 72.4 3.59 3.63 
a T = TRACE AMOUNT 
b BASED ON A 36 YEAR AVERAGE 
TEMPERATURE AND PRECIPITATION 
1984 AND 1985 
AMHERST COLLEGE STATION, MASSACHUSETTS 
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DAY TEMPERATURE (F) PRECIPITATION3 
AUG MIN MAX MEAN (inches) 
1984 1985 1984 1985 1984 1985 1984 1985 
1 64 57 90 77 77.0 67.0 
2 64 53 89 80 76.5 66.5 — _ — 
3 66 53 88 84 77.0 68.5 — — 
4 62 56 90 86 76.0 71.0 — — — 
5 64 58 86 89 75.0 73.5 — — 
6 64 62 92 84 78.0 73.0 — — — 
7 66 62 89 80 77.5 71.0 T .22 
8 64 66 90 84 77.0 75.0 — .45 
9 66 61 85 90 75.5 75.5 — — 
10 66 64 83 89 74.5 76.5 — — 
11 67 68 87 89 77.0 78.5 — .05 
12 68 58 82 83 75.0 70.5 — — 
13 69 52 87 83 78.0 67.5 .01 — 
14 69 68 87 94 78.0 81.0 — — 
15 66 72 89 93 77.5 82.5 — .36 
16 61 61 88 78 74.5 69.5 .06 .01 
17 61 54 82 84 71.5 69.0 — — 
18 57 54 80 86 68.5 70.0 — — 
19 53 60 74 70 63.5 65.0 .99 .26 
20 52 60 76 80 64.0 70.0 — — 
21 45 55 80 82 62.5 68.5 — — 
22 50 58 84 79 67.0 68.5 .06 — 
23 62 52 84 80 73.0 66.0 — — 
24 56 51 78 82 67.0 66.5 — — 
25 56 61 80 66 68.0 63.5 — 1.40 
26 52 64 82 72 67.0 68.0 —. .20 
27 57 64 84 84 70.5 74.0 — — 
28 61 58 86 82 73.5 70.0 — — 
29 70 59 86 76 78.0 67.5 — — 
30 70 55 85 61 77.5 58.0 — 1.33 
31 61 52 86 62 73.5 57.0 — — 
TOTAL 
AVG 61.6 59.0 84.8 80.9 73.2 70.0 1.12 4.28 
NORMb58.6 58.6 82.4 82.3 70.5 70.5 3.79 3.80 
a T = TRACE AMOUNT 
b BASED ON A 36 YEAR AVERAGE 
TEMPERATURE AND PRECIPITATION 
1984 AND 1985 
AMHERST COLLEGE STATION, MASSACHUSETTS 
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DAY TEMPERATURE (F) PRECIPITATION3 
SEPT MIN MAX MEAN (inches) 
1984 1985 1984 1985 1984 1985 1984 1985 
1 53 50 78 76 65.5 63.0 — — _ _ 
2 51 56 72 77 61.5 66.5 — .02 
3 55 55 60 78 57.5 66.5 .54 — 
4 54 64 68 89 61.0 76.5 .15 — 
5 47 69 71 87 59.0 78.0 — .02 
6 40 62 68 79 54.0 70.5 — .43 
7 37 61 74 84 55.5 72.5 — — 
8 40 67 76 90 58.0 78.5 — .74 
9 51 56 77 68 64.0 62.0 — .29 
10 58 57 80 65 69.0 61.0 — .02 
11 64 43 85 67 74.5 55.0 — — 
12 52 37 77 65 64.5 51.0 .08 — 
13 47 40 73 65 60.0 52.5 — — 
14 61 37 76 71 68.5 54.0 .10 — 
15 44 39 61 76 52.5 57.5 — — 
16 36 42 65 76 50.5 59.0 — — 
17 39 44 70 78 54.5 61.0 — — 
18 36 50 74 79 55.0 64.5 — — 
19 44 55 78 85 61.0 70.0 — — 
20 50 55 84 90 67.0 72.5 — — 
21 48 61 71 86 59.5 73.5 — — 
22 41 61 77 73 59.0 67.0 — — 
23 53 58 82 70 68.5 64.0 — — 
24 65 61 87 73 76.0 67.0 T .34 
25 60 47 85 73 72.5 60.0 — — 
26 47 44 70 68 58.5 56.0 .01 — 
27 38 61 58 74 48.0 67.5 — .92 
28 43 48 59 70 51.0 59.0 .01 T 
29 43 40 64 78 53.5 59.0 — — 
30 39 45 72 76 55.5 60.5 — — — — 
TOTAL 
AVG 47.9 52.2 73.1 76.2 60.5 64.2 1.01 2.78 
NORM b50.3 50.4 74.3 74.3 62.3 62.4 3.45 3.43 
a T = TRACE AMOUNT 
b BASED ON A 36 YEAR AVERAGE 
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Appendix table 3.1 Analysis of variance for independent 
variable relative growth rate (RGR) of corn during 1984 
Source DF Mean square F Value 
WHOLE PLOT 31 
Density (D) 1 .00631 103.20** 
Spacing (S) 3 .00025 4.08* 
DS 3 .00025 4.06* 
Error 24 .00006 
SUB PLOT 96 
Weeks (W) 3 .09485 373.62** 
WD 3 .00057 2.25 
WS 9 .00095 3.73** 
WDS 9 .00019 0.76 
Error 72 .00025 
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Appendix table 3.2 Analysis of variance for independent 
variable relative leaf area growth rate (RLAGR) of corn 
during 1984 
Source DF Mean square F Value 
WHOLE PLOT 31 
Density (D) 1 .00142 91.86** 
Spacing (S) 3 .00001 0.43 
DS 3 .00002 1.12 
Error 24 .00002 
SUB PLOT 64 
Weeks (W) 2 .16197 1216.24** 
WD 2 .00127 9.52** 
WS 6 .00088 6.58** 
WDS 6 .00001 0.10 
Error 48 .00013 
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Appendix table 3.3 Analysis of variance for independent 
variable leaf area ratio (LAR) of corn during 1984 
Source DF Mean square F Value 
WHOLE PLOT 31 
Density (D) 1 64.95897 7.81** 
Spacing (S) 3 20.49022 2.46 
DS 3 3.71220 0.45 
Error 24 8.32023 
SUB PLOT 64 
Weeks (W) 2 2050.96178 234.48** 
WD 2 10.23065 1.17 
WS 6 2.55394 .29 
WDS 6 .74875 .09 
Error 48 8.74669 
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Appendix table 3.4 Analysis of variance for independent 
variable biomass increment (/h W) of corn during 1984 
Source DF Mean square F value 
WHOLE PLOT 31 
- 
Density (D) 1 62185.71334 129.15** 
Spacing (S) 3 1282.18053 2.66 
DS 3 1398.44708 2.90 
Error 24 481.50639 
SUB PLOT 96 
Weeks (W) 3 51645.63739 79.93** 
WD 3 16824.28911 26.04** 
WS 9 1490.65525 2.31* 
WDS 9 745.49547 1.15 
Error 72 646.17221 
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Appendix table 3.5 Analysis of variance for independent 
variable net assimilation rate (NAR) of corn during 1984 
Source DF Mean square F value 
WHOLE PLOT 31 
Density (D) 1 .00007 52.14** 
Spacing (S) 3 .00000 .30 
DS 3 .00000 1.91 
Error 24 .00000 
SUB PLOT 96 - 
Weeks (W) 2 .00012 54.79** 
WD 2 .00001 5.35** 
WS 6 .00000 1.82 
WDS 6 .00000 .90 
Error 48 .00000 
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Appendix table 3.6 Analysis of variance for independent 
variable relative growth rate (RGR) of corn during 1985 
Source DF Mean square F value 
WHOLE PLOT 31 
Density (D) 1 .00219 34.13** 
Spacing (S) 3 .00007 1.12 
DS 3 .00003 0.45 
Error 24 .00006 
SUB PLOT 96 
Weeks (W) 3 .07864 399.07** 
WD 3 .00242 12.26** 
WS 9 .00016 0.79 
WDS 9 .00014 0.71 
Error 72 .00020 
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Appendix table 3.7 Analysis of variance for independent 
variable relative leaf area growth rate (RLAGR) of corn 
during 1985 
Source DF Mean square F value 
WHOLE PLOT 31 
Density (D) 1 .00103 25.36** 
Spacing (S) 3 .00005 1.18 
DS 3 .00002 0.59 
Error 24 .00004 
SUB PLOT 96 
Weeks (W) 3 .01095 1115.94** 
WD 3 .00143 15.61** 
WS 9 .00009 0.99 
WDS 9 .00010 1.08 
Error 72 .00009 
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Appendix table 3.8 Analysis of variance for independent 
variable leaf area ratio (LAR) of corn during 1985 
Source DF Mean square F value 
WHOLE PLOT 31 
Density (D) 1 38.96701 9.43** 
Spacing (S) 3 6.55728 1.59 
DS 3 2.39001 0.58 
Error 24 4.13331 
SUB PLOT 96 
Weeks (W) 3 4544.80622 1888.45** 
WD 3 8.94283 3.72* 
WS 9 3.05024 1.27 
WDS 9 3.65737 1.52 
Error 72 2.40663 
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Appendix table 3.9 Analysis of variance for independent 
variable biomass increment (/% W) of corn during 1985 
Source DF Mean square F value 
WHOLE PLOT 31 
Density (D) 1 31181.80808 36.05** 
Spacing (S) 3 1080.75246 1.25 
DS 3 814.05851 0.94 
Error 24 864.99858 
SUB PLOT 96 
Weeks (W) 3 46350.23639 39.28** 
WD 3 8634.69097 7.32** 
WS 9 957.52848 0.81 
WDS 9 1188.52798 1.01 
Error 72 1179.94308 
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Appendix table 3.10 Analysis of variance for independent 
variable net assimilation rate (NAR) of corn during 1985 
Source DF Mean square F value 
WHOLE PLOT 31 
Density (D) 1 .00005 11.58** 
Spacing (S) 3 .00001 1.44 
DS 3 .00001 1.32 
Error 24 .00000 
SUB PLOT 96 
Weeks (W) 3 .00010 10.81** 
WD 3 .00004 4.45** 
WS 9 .00001 0.57 
WDS 9 .00001 0.82 
Error 72 .00001 
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Appendix table 3.11 1984 Corn yield analysis of variance for 
independent variables grain and silage 
Grain_ Silage 
Source DF Mean square F Mean square F 
Replicate (R) 3 139.63 0.24 4.19 0.28 
Density (D) 1 69856.78 120.49** 1559.21 103.75** 
Row Spacing (S) 3 1792.36 3.09* 56.91 3.79* 
linear 1 2250.30 3.88 60.32 4.01 
quadratic 1 293.30 0.50 0.46 0.03 
cubic 1 2833.50 4.89* 109.92 7.31* 
DS 3 1041.86 1.80 26.93 1.79 
Error 21 579.76 15.03 
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Appendix table 3.12 1985 Corn yield analysis of variance for 
independent variables grain and silage 
Grain_ Silage 
Source DF Mean square F Mean square F 
Replicate(R) 3 273.18 0.42 20.27 0.94 
Density (D) 1 117763.24 179.54** 3029.78 140.07** 
Row Spacing (S) 2841.33 4.33* 89.26 4.13* 
linear 1 8130.05 12.39** 251.58 11.63** 
quadratic 1 202.15 0.31 15.95 0.74 
cubic 1 192.08 0.29 0.19 0.01 
DS 3 450.94 0.69 10.30 0.48 
Error 21 1055.44 24.62 
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